inflammatory infiltrates, lower amounts of PAI-1, a higher number of tPA-positive elements, a tendency towards decreased collagen content, whereas the adjacent thrombi had a greater concentration of VCAM-1 and MMP-2 when compared with symptomatic AAAs. Compared with the aneurysmatic aorta, the normal aorta contained less collagen and more elastin, actin, desmin and PAI-1-positive elements; in addition, it was more vascular. Medium-sized AAAs were the most actin and vimentin rich, and large AAAs were the most vascular. Conclusion: Our results show that asymptomatic AAA walls often have more potentially deleterious histopathological alterations than symptomatic AAA walls. This result indicates that a progression from an asymptomatic AAA to rupture can be expected and screening patients who are at risk of rupture could be beneficial. Abdominal aortic aneurysm (AAA) appears to be a specific form of atherothrombosis [1] in which progressive degradation leads to dilatation and rupture. However, the role of atherosclerosis is subject to debate [2] . Aneurysms
are defined as focal, irreversible dilatations of all layers of a vessel wall with a diameter of at least one and a half times larger than the normal diameter of the respective vessel. In the abdominal aorta, an aneurysm is most frequently found in the infrarenal segment, and a diameter larger than 3.0 cm is considered to be an aneurysm [3] . AAA is a grave disease, most common in men aged 65 years and older. The majority of AAAs are asymptomatic [4] . The most common symptom of AAA is lumbago, whilst, more rarely, abdominal pulsation can be observed. About a quarter of untreated AAAs end with rupture [5] , which has a mortality rate of 70-80% [6] . The risk of rupture increases with an increasing diameter of the aneurysm [7] . The epidemiological profile of AAA seems to be changing. Studies reported an AAA prevalence in the range of 4-7% for men aged 65 years or more [8, 9] and increasing rates in incidence [10] and mortality [11] . Recent studies have shown a decrease of AAA prevalence to less than 2% in men aged 6 65 years [12] and there is evidence that the incidence and mortality from AAA is also declining [13] . These results may reflect the positive effects of reduced exposure to risk factors.
The pathogenesis of AAA is multifactorial and the precise causes and development of the disease are not known. Degeneration of the vessel wall and subsequent development of aneurysms involves several interconnected processes, including chronic inflammation [14] accompanied by neovascularisation [15] , progressive destruction and loss of elastin [16] , vascular smooth muscle cell (VSMC) phenotypic modulation [17] and VSMC apoptosis [18] . Inflammatory infiltrates consist mainly of macrophages and T and B lymphocytes [14, 19] . Newly recruited and residential inflammatory cells produce cytokines and chemokines [20] that amplify the immune response and induce the expression of proteases such as serine proteases, plasminogen activators and metalloproteinases [21, 22] . Intraluminal thrombus also participates in aneurysmal dilatation [23, 24] and represents a significant source of oxidative and proteolytic enzymes that contribute to wall injury [25, 26] . However, the presence of intraluminal thrombi strengthens the AAA wall and positively affects the redistribution and reduction of the wall stress [27] . Current knowledge on intraluminal thrombi in AAA is summarized by Yoshimura et al. [28] .
Discovery of an applicable medication that would effectively reduce the progression of small aneurysms requires a detailed understanding of AAA pathogenesis and strongly supports arguments for establishing a screening protocol for AAAs [29] . The aim of our study was to contribute to the knowledge of AAA progression by quantitatively analysing histopathological changes in the aortic wall and the associated thrombus in relation to the severity of the disease (i.e. healthy aorta vs. aneurysm, symptomatology, and AAA size). Particular attention was paid to signs of inflammation, including vascularisation, shifts in the VSMC phenotype, and remodelling of the extracellular matrix of the aortic wall (i.e. components that may influence the mechanical properties of the vessel wall).
Materials and Methods

Patients and Tissue Samples
We evaluated samples from the infrarenal AAA wall (n = 65; 51 men, 14 women) and the intraluminal thrombi of the same patients (n = 55; in 10 patients the thrombus was either too small or not present). Specimens were collected from patients undergoing elective or emergency surgery for atherosclerotic AAAs during the years 2008-2010. The average age of the patients was 73 (57-92) years. According to the maximum aortic diameter (measured by CT angiography), AAAs were classified as small ( ! 5 cm, n = 18), medium (5-7 cm, n = 26) and large ( 1 7 cm, n = 21). Most of the cases of AAA (68%) were asymptomatic (n = 44). Some cases were symptomatic (n = 7) or ruptured (n = 14). Symptomatic cases were defined as aneurysms that were accompanied by lumbago, stomach ache, aortic palpation sensitivity or peripheral embolisation. We aimed to find the differences between the groups of patients defined based on the size of the aneurysms and symptomatology. Regarding the medications that influence AAA growth [reviewed in 30, 31 ] , 58% of patients with AAA used statins, 49% used acetylsalicylic acid, 35% used beta blockers and 28% used ACE inhibitors. In the group with small, asymptomatic AAAs (n = 16), 88% of the patients were treated with statins and 75% were treated with acetylsalicylic acid. Normal aortas (n = 6) were taken from the infrarenal segment of organ donors with an average age of 47 years.
AAA specimens were always excised from the anterior wall of the sac at the maximum diameter. Samples from normal aortas were fixed with buffered formalin for histological and immunohistochemical examination. For in vitro immunoassays, tissues and thrombus pieces taken from the locations described above were chopped into approximately 1.5 mm cubes, placed into Eppendorf tubes, frozen in liquid nitrogen and stored in the freezer at -70 ° C. The study was approved by the Ethical Committee at the University Hospital and the Faculty of Medicine of Charles University in Pilsen.
Histology and Immunohistochemistry
Fixed specimens from the aortic wall and thrombi were dehydrated in graded ethanol solutions and embedded in paraffin. Tissue blocks were cut transversally into 3-5-m sections, mounted on Super Frost slides coated with (3-aminopropyl) triethoxysilane (Sigma Aldrich, Vienna, Austria), deparaffinised, rehydrated and processed as follows: two sections per block were stained with haematoxylin-eosin and two sections were stained with Verhoeff's haematoxylin and green trichrome to differentiAsymptomatic Aortic Aneurysm -Risky and Rupture-Prone? Pathobiology 2013;80: [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] 13 ate elastic and collagen fibres. Additional sections were processed immunohistochemically. The VSMC phenotype was characterised based on immunopositivity for ␣ -smooth muscle actin, desmin and vimentin; with actin and desmin characterising predominantly contractile VSMC, and vimentin the predominantly synthetic phenotype [32] . Immunohistochemistry was used to detect granulocytes, macrophages and regulators of fibrinolysis, including uPA, tPA, PAI-1 and vasa vasorum endothelium. A list of the primary antibodies used in this study, including the manufacturer, dilution, pretreatment and appropriate detection systems, is provided in table 1 . Endogenous peroxidase activity was blocked in the immunohistochemistry experiments. Tissue sections (except for the detection of fibrinolytic components) were permeabilised with chilled acetone (-20 ° C) for 10 min. Non-specific binding activity was blocked with serum at room temperature. After the pre-treatments, sections were incubated overnight with primary antibodies at 4 ° C. The products of the immunoreactions were detected using commercially available detection systems ( table 1 ). The reactions were visualised with diaminobenzidine (Sigma Aldrich) in 0.03% H 2 O 2 in Tris-buffered saline (pH 7.4). All of the sections were counterstained with haematoxylin, dehydrated and mounted using a medium soluble in xylene. For negative controls, normal goat serum was used instead of the primary antibodies. Normal tissue with typical morphology in the sections of AAA walls, e.g. aortic lymph nodes for immune cells and smooth muscle cells of small arteries, served as a positive control. ImmunoCruz TM goat ABC Staining System (Santa Cruz) P rimary antibodies, blocking of endogenous peroxidase activity and non-specific binding of antibodies, pretreatment and detection kits used for immunohistochemistry. PBS = Phosphate-buffered saline. (Dako: DakoCytomation, Glostrup, Denmark; Immunovision: Immunovision Technologies, Daly City, Calif., USA; Fisher: Thermo Fisher Scientific, Fremont, Calif., USA; Sigma: Sigma Aldrich, Vienna, Austria; Santa Cruz: Santa Cruz Biotechnology, Santa Cruz, Calif., USA.)
Histological Quantification
Quantitative analysis was based on stereological methods using Ellipse software (ViDiTo, Košice, Slovakia). All of the methods used in this study have recently been established, evaluated, and described in detail [ 32 , 33 ; for an explanation of the techniques, see 34 ] . Sampling of histological sections, microscopic image fields, definition of the reference area and the total area of the sections used for estimating the quantitative parameters are summarised in table 2 .
The principles of stereological estimations used in this study are shown in figure 1 . Briefly, elastinolysis within the aortic wall was assessed using two-dimensional length density L A (length per area, mm -1 ) of profiles of elastin fibres and the area fraction A A (area per area, dimensionless ratio) of elastin within the intima and media. Within the same reference space, the collagen content was quantified as the area fraction of collagen within the intima and media. Elastin and collagen areas were quantified in sections stained with Verhoeff's haematoxylin and green trichrome ( fig. 1 a) . The presence of cells expressing actin, desmin and vimentin was quantified as area fractions A A of these filaments within the intima and media (an example is shown in fig. 1 b) . To quantify the intra-aortic microvascular bed, the vasa vasorum was quantified as the number of CD31-positive microvessel profiles per section area Q A of the vascular wall ( fig. 1 c) . Infiltration of the vascular wall by neutrophils and macrophages, which are recognised as a major source of proteases in inflammatory AAA infiltrates [26, 35] , was characterised as the area fraction of the profiles of immunohistochemically detected neutrophils and macrophages within the aortic wall and the thrombus ( fig. 1 d, f) . Cells expressing the regulators of fibrinolysis [36] were quantified as the area fractions of PAI-1-, tPA-and uPA-positive cells within the aortic wall (an example is shown in fig. 1 e) . Stereological methods used in the study were based on counting intersections of the structures of interest with stereological grids or counting frames randomly superposed on the micrographs. During the histological evaluation, the observers had no knowledge of the biological status of the samples or the patient histories.
In vitro Immunoassays
Concentrations of the interleukins (IL)-6, 8 and 10, the matrix metalloproteinases (MMP)-1, 2, 7 and 9, the tissue inhibitors of matrix metalloproteinases (TIMP)-1 and 2, the E-selectin, the vascular cell adhesion molecule (VCAM)-1 and the intercellular cell adhesion molecule (ICAM)-1, the plasminogen activator inhibitor-1 (PAI)-1, the epidermal growth factor (EGF), the vascular endothelial growth factor (VEGF) and the osteoprotegerin (OPG) were measured in the wall tissue and thrombus homogenates. Approximately 50-mg centrally cut pieces were used from frozen tissue and thrombus samples and homogenised in buffer supplemented with Nonidet-P40, protease inhibitor and phenylmethanesulfonyl fluoride using ceramic particles and a FastPrepBIO101 disrupter (Thermo Savant, Holbrook, N.Y., USA). Homogenates T he microscope objective and magnification used for the quantitative assessment of each of the parameters was at the lowest setting that permitted an exact and unambiguous identification of the counting events with respect to histological staining methods. The number of counting events per sample is provided, and the resulting data are presented as arithmetic means calculated from stochastic methods. Quantification of all of the parameters in the aortic wall was based on a total of 6,072 micrographs, and quantification of thrombi was based on 1,072 micrographs. A A (component, space): Area fractions of the respective components within their reference spaces; L A : two-dimensional length density of elastin fibres within the intima and media; Q A : number of microvessel profiles per section area; int+med: data pooled from the intima and media; wall: data pooled from the wall (i.e. from the intima, media and adventitia); thr: data pooled from the thrombus.
were aliquoted and stored at -70 ° C. No more than 1 freeze-thaw cycle was allowed before an analysis. Prior to multiplex analysis, the aliquots were centrifuged for 5 min at 10,000 g to remove any clots or particles. Measurements were performed by bead-based multi-analyte profiling technology (xMAP) using the Luminex 100 IS system (Luminex Corporation, Austin, Tex., USA) and the commercially available multiplex panels consisting of the human cytokine/chemokine Milliplex MAP kit, human cardiovascular disease panel (both from Millipore, Billerica, Mass., USA), and the fluorokine MAP human MMP kit (R&D Systems, Minneapolis, Minn., USA).
xMAP technology is a multiplex immunoanalytic technology ligand binding assay that combines sandwich immunoassays and flow cytometry and enables quantification of up to 100 samples at once. It is based on the binding of target proteins to antibodies linked to microspheres with an internal spectral code that refers to the protein identity. The amount of bound protein is determined using a secondary antibody labelled with a fluorescent molecule. The measurement is performed using a flow cytometer that is capable of determining the spectral code of the microspheres or the identity of the proteins, after excitation by a laser. After excitation by a second laser, the flow cytometer detects the amount of secondary antibodies bound to the microspheres and quantifies the amount of protein in the sample. The concentrations of the proteins are assessed according to standard calibration curves that are assayed together with the unknown samples.
TIMP-1 and TIMP-2 levels were measured with ELISA technology using commercial kits (R&D Systems, Vienna, Austria). The total amount of protein in the homogenates was quantified using a bicinchoninic acid assay (Bicinchonic Acid Protein Assay Kit, Sigma Aldrich, Mo., USA). The total protein concentration was used for data standardisation. All used commercial in vitro assays were tested by manufacturers for specificity. The antibody pairs in the panels were specific only to the desired analyte and exhibited no or negligible cross-reactivity with other analytes.
Statistics
The data were processed with Statistica Base 9 (StatSoft Inc., Tulsa, Okla., USA). The Shapiro-Wilks W test was used for normality testing. Because normality was rejected for most variables, we used the non-parametric Mann-Whitney U test for testing the equality of population medians between each pair of the groups under study (according to the biological condition of the sample, patient symptoms and AAA diameter). For paired samples of the AAA wall and adjacent thrombi we used the Wilcoxon matched pairs test. The Spearman rank order correlation was used to measure statistical relationships between continuous variables. Values were considered statistically significant for p ! 0.05. Only significant findings are reported.
Results
Extracellular Matrix and Regulators of Fibrinolysis
The area fraction and the length density of elastin within the intima and media of the normal aorta were greater than in the AAAs ( fig. 2 a) . In contrast, the area fraction of collagen in the same reference location was greater in the AAAs than in the normal aorta ( fig. 2 a) . The area fraction of collagen within the same reference location of symptomatic AAAs was greater than in asymptomatic AAAs but did not reach statistical significance (p = 0.058). The area fraction of PAI-1 within the wall was greater in the normal aorta than in the AAAs ( fig. 2 a) . The area fraction of PAI-1-positive tissue elements in the wall was greater in symptomatic than in asymptomatic AAAs ( fig. 2 e) , while the area fraction of tPA-positive elements in the same reference location was greater in asymptomatic AAAs ( fig. 2 e) compared with symptomatic cases.
Expression of Actin, Desmin and Vimentin
Actin, desmin and vimentin were used to characterise the vascular smooth muscle cells of intima and media of the aortic wall. There was a higher degree of positive staining for actin and desmin within the intima and media in the normal aorta than in AAAs ( fig. 2 b) . Mediumsized AAAs had a greater area fraction of both actin-and vimentin-positive cell profiles than the large AAAs ( fig. 2 d) . Medium-sized AAAs had a greater area fraction of vimentin-positive elements within the intima and media than small AAAs ( fig. 2 d) .
Vasa Vasorum and Inflammatory Cells
The number of microvessel profiles per section area was greater in the normal aorta than in AAAs ( fig. 2 b) . The number of microvessel profiles increased with the diameter of the AAA ( fig. 2 d) and was greater in large AAAs than in small AAAs ( fig. 2 d) . The area fraction of granulocytes and macrophages was greater in the AAA wall than in the adjacent thrombi ( fig. 2 c) . The area fraction of granulocytes and macrophages was greater in asymptomatic AAAs than in symptomatic AAAs ( fig.  2 e) .
Wall Homogenates
The immunoassay showed a greater concentration of VCAM-1 within the wall of small AAAs than in the wall of large AAAs ( fig. 2 f) . The concentration of IL-8 was greater in the wall of large AAAs than in the wall of small AAAs ( fig. 2 f) and the concentration of VEGF was greater in the wall of large AAAs than in the wall of mediumsized AAAs ( fig. 2 f) .
Thrombi Homogenates
The immunoassay showed a greater concentration of VCAM-1 and MMP-2 within the thrombi from asymp-tomatic AAAs than in the thrombi from symptomatic AAAs ( fig. 2 g) . The concentration of MMP-9 was greater in the thrombi from ruptured AAAs than in the thrombi from asymptomatic AAAs ( fig. 2 g) . The concentration of VCAM-1 was greater in the thrombi from small and large AAAs than in the thrombi from medium-sized AAAs ( fig. 2 h) . The concentration of ICAM-1 was greater in the thrombi from large AAAs than in the thrombi from medium-sized AAAs ( fig. 2 h) .
Correlation of Quantitative Parameters
The non-parametric Spearman rank order correlations between quantitative parameters are listed in table 3 , and the significant values (p ! 0.05) are highlighted.
Discussion
Some but not all quantitative parameters assessed in AAA samples varied in relation to severity of the disease, i.e. presence of clinical symptoms and AAA size ( fig. 2 dh) . Similarly, differences between the wall of normal aortae and AAA as well as between AAA wall and thrombus could be found for some of the data ( fig. 2 a-c) .
Collagen, Elastin and Fibrinolysis
Fragmentation and loss of elastic fibres accompanied by increased collagen content is the most striking histological feature of the aneurysmal wall when compared to the normal aorta. In contrast to these findings, our results did not confirm the generally accepted principles of AAA progression, in which the loss of elastin is an early step in aneurysm formation [16, 37] and collagen degradation is the ultimate cause of rupture [37] . We found a slightly higher collagen content in symptomatic AAAs when compared to asymptomatic. This confirms the results of Deguchi et al. [38] who reported an increased aortic collagen content to be linked with the AAA formation.
Degradation of fibres of the aortic wall is thought to be triggered by plasmin, either directly or via MMPs [39, 40] . This is confirmed by the low fraction of the PAI-1-positive cells (PAI-1 is an inhibitor of fibrinolysis) in AAAs found in our study. Surprisingly, we detected higher levels of tPA and lower levels of PAI-I in asymptomatic AAAs ( fig. 2 e) when compared with AAAs causing clinical symptoms. This might indicate that especially smaller and clinically silent AAAs are prone to progression.
The positive correlation between tPA levels and the quantity of macrophages (inflammation) and vimentinpositive elements (synthetic VSMC phenotype) within the vessel wall and the negative correlation between tPA and collagen content (degradation of the vessel wall matrix) support this assumption. Interestingly, the fraction of uPA with pro-fibrinolytic activity was positively correlated with the contractile VSMC phenotype (actin-and desmin-positive cells), which suggests that fibrinolysis was not compensated by the presence of the synthetic VSMC phenotype.
The Shift of the VSMC Phenotype during AAA Development Weakens the Aortic Wall
The shift of VSMC from actin-and desmin-expressing contractile to vimentin-expressing synthetic phenotype ( fig. 2 b) has been shown before [17, 41, 42] . We found most actin-and vimentin-positive elements in medium-sized Fig. 1 . Quantitative histopathology of aortic samples. a Estimating length density of elastin profiles (length per area of tunica media and intima) of an asymptomatic AAA sample. Intersections between the circular arcs (yellow) and elastin fibres (black) were counted (orange) and the length of elastin profiles was calculated according to the modified Buffon method [34] . b When estimating the area fraction of the detected structures, points hitting the profiles were counted (marked yellow), and their sum was multiplied by the area corresponding to each point (marked 'a' within the square). This is demonstrated for the quantification of the area of ␣ -smooth muscle actin within the intima and media of an AAA sample. The reference area was assessed in the same way, and the relation between area of actin-positive structures and reference area was calculated. c Counting the number of microvessel profiles per section area in the wall of an AAA using an unbiased counting frame [34] . Profiles of microvessels (green points) inside the frame or touching the green admittance borders but not touching the red forbidden lines were counted. d The presence of inflammatory cells was quantified as the area fraction occupied by the profiles of the cells per sectional area of the wall. This is demonstrated for macrophages that accumulated at the base of an atherosclerotic plaque within the tunica intima and media of an AAA sample. e The cells expressing regulators of fibrinolysis were quantified using their area fractions within the wall. This is demonstrated for various PAI-1-positive cells at the border between the intima and media of an AAA sample. Quantification was as described in b . f Neutrophilic granulocytes in the adluminal layer of the thrombus (upper part of the micrograph) [25] . Verhoeff's haematoxylin and green trichrome staining ( a ) with elastin stained as black lamellae and fibres, collagen stained green to blue, and smooth muscle cells stained reddish to brown. AAAs ( fig. 2 d) , corroborating the findings of Ailawadi et al. [17] who observed VSMC phenotypic modulation and decreased ␣ -smooth muscle actin expression in early AAA development. Drop-offs in both actin and vimentin positivity in large AAAs are most likely caused by apoptosis of VSMCs [41, 18] . Modulation of VSMC phenotype with loss of contractile cells and apoptotic cell death might represent important factors leading to the mechanical weakening of the AAA wall [43] .
A High Density of Vasa Vasorum in Large Aneurysms
Complementing the findings of Acoltzin Vidal et al. [44] , we have shown a significantly lower microvessel density in AAA samples ( fig. 2 b) which suggests an imbalance between wall dilatation and reparative adventitial angiogenesis [45] . A high density of vasa vasorum may occur in a healthy vascular wall, but it might also be due to hypoxia-driven neovascularization and inflammatory angiogenesis, thus finally exceeding metabolic requirements of the tissue [46] . Interestingly, in our material microvessel density increased with the AAA diameter ( fig. 2 d) . This could be explained by the greater VEGF expression we found in large AAAs ( fig. 2 f) . VEGF might be produced by the increased inflammatory infiltrates in the AAA wall, because the infiltrates are known to be correlated with increased aortic wall vascularity [47, 48] . However, formation of new fragile vessels could be an additional factor enhancing the vulnerability of the vascular wall [49] . In accordance with another study [48] , we showed a positive correlation between vessel wall vascularity and inflammatory infiltrates in AAA walls. Increased microvessel density in large AAAs also corresponds to the greater concentration of IL-8 in large AAAs, because IL-8 is a potent angiogenic factor and chemoattractant overexpressed at the AAA rupture side [50] .
Asymptomatic AAAs Are More Densely Infiltrated by Inflammatory Cells
Increased transmural inflammation is associated with AAA progression [51] . The more pronounced inflammatory infiltration in asymptomatic AAA in comparison with symptomatic aneurysms was the most striking result of our study ( fig. 2 f) . However, this finding supports the model of Yoshimura et al. [28] , who distinguished a central region of large aneurysms with a thin, amorphous wall and thick, inactive thrombus from the neck region of aneurysms with thin thrombus, active inflammation and increased angiogenesis. Inflammatory cells produce proteolytic enzymes, including MMPs and elastase, that degrade the structural components of the aortic wall [52, 22, 25] . The positive correlation between the quantity of granulocytes in the wall and MMP-1 in thrombi, and the negative correlation between the wall granulocytes and TIMP-2 found in our material confirms this finding. Granulocyte infiltration in AAA walls and thrombi was positively correlated with the presence of IL-6 and IL-8. The levels of these interleukins are known to be high in patients with (large) aneurysms [20, 53] .
Thrombus and Inflammation
The importance of immunological and inflammatory gene pathways in AAA pathogenesis was suggested by Lenk et al. [54] , who reported overexpression of MMP1 , MMP9 , IL1B and PLAUR (urokinase activator) genes. In the present study, MMP-9, considered to be a biomarker of AAA progression [55] , was higher in thrombi from ruptured AAAs than in thrombi from asymptomatic AAAs.
Although macrophages are commonly considered to be a primary source of cytokines [20] , we also found a correlation between granulocytes in the thrombus and the IL-8 in the same samples ( table 3 ) . This is in agreement with Houard et al. [26] who suggested the neutrophil-derived IL-8 to be involved in attracting neutrophils to the thrombus. Interestingly, the area fraction of granulocytes in both the wall and the thrombus correlated negatively with TIMP-2 levels in the aneurysmatic wall. In addition to MMP inhibition, TIMP-2 abrogates angiogenesis [56] by inhibiting the principal AAA pathogenic factors. The increased concentrations of VCAM-1 and MMP-2 in thrombi of asymptomatic AAA ( fig. 2 g ) strongly support the rupture-prone nature of the asymptomatic AAAs indicated by the quantitative histopathology.
Limitations of the Study
We are aware of several limitations of our study. First, the number of AAA patients and the number of healthy control samples is relatively low and the controls do not match the AAA group in age, gender or comorbidities. The healthy aortas were collected from organ donors only to guarantee the same handling of tissue specimens as in AAA tissue samples excised during AAA surgery. Thus we prevented unequal or extended time intervals prior to the tissue fixation. Second, we were lacking the precise AAA diameter in emergency patients with AAA rupture since any delay prior to the surgery (such as CT) would threaten the patient´s life. Thus, the diameter of AAA had to be classified into three categories (small, medium and large). These categories are artificial but are also used in clinical practice [57, 58] . However, our study is lacking a detailed statistical analysis using the diameter as a continuous variable. Third, our quantification used two-dimensional routine sections only, whereas some structures (e.g. the vasa vasorum) are three-dimensional and would require more sophisticated quantification techniques, e.g. confocal microscopy or X-ray microtomography [46] .
In conclusion, our results reveal the seriousness of asymptomatic AAAs. Although most of our asymptomatic patients were treated with statins or acetylsalicylic acid, both of which have an anti-inflammatory effect, the wall of the asymptomatic AAA exhibited more abundant inflammatory infiltrates, a greater area fraction of tPA, lower PAI-1 positivity in the same area fraction, lower collagen content in the intima and media, whereas the adjacent thrombi had a greater concentration of VCAM-1 and MMP-2 when compared to the symptomatic AAA. All of these findings are indicative of AAA progression. The microvessel density was greater in normal aorta samples and appears to participate in AAA progression because it increases with the size of the AAA. The intima and media of the medium-sized AAAs with diameters of 5-7 cm were richest in actin and vimentin. Surprisingly, the content of elastin and collagen did not significantly change with the size of the AAA. The normal aorta contains more elastin and VSMCs with the contractile phenotype and more PAI-1-positive elements.
The diagnosis of small asymptomatic AAAs is usually incidental in the absence of routine screening. Because most AAAs remain asymptomatic (even in the case of progression), our results strongly support the need for AAA screening programs, which have recently been implemented in the USA, the UK and Sweden, to detect small aneurysms with preventable progression.
